
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Role of the macrophage and its polarization in  
liver inflammatory disorders 

ABSTRACT 
Macrophages play an important role in the process 
of liver infection, inflammation and disease. Liver 
macrophages mainly include Kupffer cells and 
infiltrating monocyte-derived macrophages. After 
being stimulated, liver macrophages can be polarized 
into pro-inflammatory M1 macrophages and anti-
inflammatory M2 macrophages. M1 macrophages 
mainly secrete pro-inflammatory cytokines and 
exert host immune function; M2 macrophages 
secrete anti-inflammatory cytokines, which are 
involved in repair and regeneration after injury. 
In this review, we focus on the potential roles 
of macrophages in inflammatory liver disorders, 
especially emphasizing the polarization of 
macrophages during liver inflammation, and their 
effects on the progress and outcomes of liver 
diseases. 
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1. Introduction 
Liver has a unique innate immune environment, 
which is an essential defense system of the body, 
playing an important role in the inflammatory 
 
 

response [1]. Macrophages are one of the major 
immune cells in the liver, which perform crucial 
function in maintaining liver homeostasis and 
modulating disease status [2]. Macrophages are 
particularly abundant in the liver compared to 
other organs and tissues. It has been showed that 
20 to 40 macrophages are present in every 100 
hepatocytes [3]. Liver macrophages mainly include 
Kupffer cells and infiltrating monocyte-derived 
macrophages [4]. One of the major functions of 
macrophages is phagocytizing pathogens and dead 
cells during inflammation; they are also involved 
in antigen presentation and secrete various 
cytokines through antigen processing of major 
histocompatibility complex (MHC) molecules [5]. 
Kupffer cells account for 20 to 35% of all non-
parenchymal cells in the liver, which play an 
important role in the liver homeostasis and the 
initiation, progression and convergence of liver 
inflammation [6]. In addition, they act as an 
antigen presenting cell (APC), providing a bridge 
between the innate immune system and the 
adaptive immune system [7]. The occurrence 
of liver injury causes activation of the Kupffer 
cells, which release inflammatory cytokines and 
chemokines, promoting the infiltration of monocytes 
into the liver, and producing a large number of 
inflammatory monocyte-derived macrophages [8]. 
It may thus become a new strategy for controlling 
liver diseases by modulating macrophages. 
Therefore, it is necessary to fully understand the 
behaviors of macrophages in the liver during 
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different circumstances [1]. Here in this review, 
we will summarize the concept, origin, polarization, 
and phenotype of macrophages, and discuss the 
role of macrophages in liver inflammatory diseases. 
 
2. Liver macrophage: the concept and origin 
According to the traditional concept in immunology, 
macrophages are derived from monocytes. The 
circulating monocytes are recruited to the site of 
inflammation and differentiate into macrophages 
in tissues during inflammation [9]. Macrophages 
are found in almost all tissues. Macrophages in 
the liver are mainly Kupffer cells and monocyte-
derived macrophages (Mo-Mfs), which originate 
from yolk sac-derived specific progenitor cells 
and are inoculated during embryogenesis [4]. 
Kupffer cells are highly efficient phagocytic cells 
that recognize, ingest, and degrade cell debris, 
foreign bodies, or pathogens [10]. In homeostasis, 
the balance of Kupffer cells in the body supports a 
tolerant immune response, while they also have 
scavenger, complement, and pattern recognition 
receptors that are activated in response to 
infectious or noninfectious threats to induce an 
immunogenic T cell response [8]. However, 
macrophages derived from infiltrating monocytes 
mainly have two kinds of circulating monocytes: 
high-6C(Ly-6Chigh) and low-6C(Ly-6Clow), 
which express monocytes [11]. High Ly-6C can 
express chemokine receptors, pattern recognition 
receptors and cytokines [12], while low Ly-6C 
exhibits patrol behavior and expresses more 
scavenging receptor behavior [13]. In the event of 
liver injury, Kupffer cells combine with other 
liver cells to secrete chemokines (such as CCL2), 
triggering a rapid, transient mechanism to expand 
the macrophage pool through inflammatory 
phagocytes and recruitment of new Mo-Mfs [8]. 
 
3. Macrophage polarization: M1 and M2 
macrophages 
Macrophage polarization refers to activation of 
macrophages towards different directions, upon 
various stimuli and circumstances. Polarization 
status is not fixed; macrophages could respond to 
it, and integrate multiple signals from microbes, 
damaged tissues and normal tissue environments 
[14]. However, currently two major polarization 
status of macrophages are identified, namely M1 
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macrophages with pro-inflammatory effects and 
M2 macrophages with anti-inflammatory effects, 
which show somehow opposite effects during 
pathogenesis or tissue damage [15].  
Regarding the activation/polarization of macrophages, 
at least four definitions have been pointed out 
[16]. The first concept of M1/M2 macrophage 
come from the different immune response and 
behaviors of macrophages in which M1 macrophages 
are formed during intracellular infection mediated 
by interferon-γ (IFN-γ) derived from Th1 cells, 
while M2 macrophages are activated during 
extracellular parasitic infection with the production 
of interleukin-4 (IL-4), in which IL-4, IFN-γ and 
lipopolysaccharide (LPS) exhibit different effects 
on macrophage gene expression [17]. Mills and 
his colleagues raised another notion, in which 
macrophages could behave differently as M1 and 
M2 phenotypes, the concept being that macrophages 
derived from the prototype Th1 strain (C57BL/6, 
B10D2) are more easily activated by IFN-γ or 
LPS to produce nitric oxide (NO), than the 
macrophages derived from the Th2 strain. In 
contrast, when macrophages derived from Th2 
cells were stimulated by LPS, the arginine 
metabolism was converted to ornithine metabolism 
in macrophages. The M1 and M2 macrophages 
showed not only different metabolisms, but 
behaved oppositely during inflammatory process 
[18]. Further, Murray and other researchers 
extended the M1 and M2 definition to different 
subclasses by considering the different activation 
procedures, such as M2a, M2b and so on [16]. 
In addition, recently Joshi and his colleagues 
indicated that macrophages stimulated by 
granulocyte-macrophage colony stimulating factor-1 
(GM-CSF-1) and macrophage colony stimulating 
factor-1 (CSF-1) are responsive to M1 and M2 
macrophages, respectively [19]. 
Accordingly, recently Mantovani and his colleagues 
proposed a model of M1-M2 macrophage, in 
which M1 macrophages are generally recognized 
and activated by IFN-γ + LPS or tumor necrosis 
factor (TNF), to secrete pro-inflammatory cytokines 
such as TNF-α, IL-1α, IL-1β, IL-6, IL-12, cox-2 
and IL-10; for M2 macrophages, M2a is induced 
by IL-4 and IL-13 which secretes IL-10, TGF-β, 
CCL17 and so on. M2b is induced by immune 
complexes and toll-like receptors (TLR) or IL-1R 
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phagocyte system maintains tissue homeostasis by 
secreting cytokines such as IL-10 to promote liver 
immune tolerance [22]. 

4.1. Acute liver injury 
Acetaminophen (APAP)-induced acute liver injury 
is a representative acute liver injury, and it is 
becoming a worldwide problem with a mortality 
rate of 5% in the population not receiving 
treatment. However, the population mortality rate 
will be reduced to 1% if acetylcysteine is given 
within 8 hours of poisoning [23]. In the body, 
APAP is converted to N-acetyl-p-benzoquinone 
imine (NAPQI), a radical, by cytochrome CYP2E1 
which will be detoxified by glutathione (GSH). 
However, excess and continuous generation of 
NAPQI will deplete GSH, consequently leading 
to mitochondrial oxidative stress, DNA damage, 
mitochondria dysfunction and so on [24, 25], finally 
resulting in necrosis of liver [26]. It has been 
reported that in APAP-induced acute liver injury, 
Kupffer cells are first activated, followed by 
increase in M1 macrophages which were mostly 
derived from recruited mononuclear cells; all of 
these promoted the inflammatory process of liver 
injury [27]. However, with the progression of the 
disease, the expression of M2 macrophages was 
increased, while the expression of M1 macrophages 
decreased gradually, whereby M2 macrophages 
become predominant macrophages to serve for liver 
repair [27]. In our recent study, we also found the 
significantly increased marker molecules of M2 
macrophages, i.e., IL-10, TGF-beta and Arg-1at 
48 h after APAP administration which is the 
repair stage of APAP-induced liver injury (Figure 1). 
 
 

agonists, which secrete TNF-α, IL-1β, IL-6, IL-10 
and CCL1; M2c is induced by IL-10, TGF-β and 
glucocorticoids which secrete IL-10, transforming 
growth factor-β (TGF-β), C-C motif chemokine 
ligand 16 (CCL16), CCL18 and C-X-C motif 
chemokine ligand 13 (CXCL13). In addition, it 
has also been reported that M2d, the fourth 
category of M2 macrophages, is induced by TLR 
agonists through adenosine receptor ligands and it 
secretes IL-10 and vascular endothelial growth 
factor (VEGF) [5, 20]. There are some differences 
in the cytokine generation accounting for M1 and 
M2 macrophages. For example, both M1 and M2 
secrete IL-10 and IL-12, but M1 macrophages 
usually secrete high levels of IL-12 and low levels 
of IL-10. M2 macrophages, on the other hand, 
secrete low levels of IL-12 and high levels of 
IL-10 [20]. Table 1 summarizes the polarization 
and functions of M1/M2 macrophages. 
 
4. Role of macrophages in inflammatory liver 
diseases 
Macrophages play an important role in the immune 
homeostasis of the liver. The phagocytosis of 
macrophages is not only used for nutrient 
acquirement, clearance of degenerated and 
apoptotic cells, but also functioned as a host 
defense mechanism against invading pathogens 
[21]. Immune homeostasis of the liver is largely 
regulated by the mononuclear phagocyte system, 
including Kupffer cells and Mo-Mfs, which forms 
a dynamic, complicated, and highly active network 
that constitutes the primary defense against 
microbial invasion [1]. Meanwhile, the mononuclear
  
 Table 1. Polarization and function of M1/M2 macrophages. 

Phenotype Inducible factor Marker Function 

M1 IFN-γ, LPS, TNF TNF-α, IL-1α, IL-1β, IL-6, IL-12,  
cox-2 and IL-10 etc. 

Pro-inflammatory 
effect 

M2a IL-4, IL-13 IL-10, TGF-β, CCL17 etc. 

M2b Immune complexes, TLR or 
IL-1R agonists 

TNF-α, IL-1β, IL-6, IL-10 and  
CCL1 etc. 

M2c IL-10, TGF-β and 
glucocorticoids 

IL-10, TGF-β, CCL16, CCL18 and 
CXCL13 etc. 

 
 
 

M2 

M2d TLR agonists IL-10, VEGF 

 
 

Anti-inflammatory 
effect 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
also play an important role in the pathogenesis 
of NAFLD. When liver inflammation occurs, 
CCR2 is highly expressed in monocyte-derived 
macrophages, resulting in the recruitment of 
circulating macrophages to the liver, which 
then rapidly differentiate into pro-inflammatory 
macrophages [31]. Accumulation of liver 
macrophages is considered to be a hallmark of 
progressive liver disease in patients with alcoholic 
liver disease [32]. In patients with alcoholic liver 
disease, macrophages are particularly abundant 
in the portal vein. The increase in macrophage-
related biomarkers (e.g., TNF, CCL2, reactive 
oxygen species (ROS) in circulation indicates that 
liver macrophages play a key role in promoting 
inflammation in alcoholic liver injury [33]. In 
severe alcoholic hepatitis, high expression of 
hepatic portal endotoxin and increased intestinal 
permeability strongly stimulate Kupffer cells, 
which may be responsible for the above results 
[34]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

These findings strongly suggested that during the 
process of liver injury and repair, M1 macrophages 
and M2 macrophages could transform dynamically 
to maintain the body’s homeostasis [5]. 

4.2. Nonalcoholic fatty liver disease 
Nonalcoholic fatty liver disease (NAFLD) is due 
to the deposition of fat in hepatocytes but without 
other symptoms associated with steatosis [28]. 
Regarding the role of macrophages in NAFLD, it 
has been shown that TNF-producing Kupffer cells 
play a crucial role in the early stages of steatotic 
hepatitis by triggering inflammation and promoting 
monocyte recruitment [29]. Another study using 
mice with clodronate and high-fat diets showed 
that hepatic steatosis was reduced when Kupffer 
cells were depleted, and Kupffer cells could 
promote steatosis by IL-1β-dependent inhibition 
of peroxisome proliferator-activated receptor-α 
(PPAR-α) [30]. In addition to Kupffer cells, 
monocyte-derived macrophages recruited in liver 
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Figure 1. Expression of macrophages and serum ALT at different time 
points of APAP-induced acute liver injury in mice. 
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are rapidly recruited to the liver after viral 
infection, and the number eventually exceeds the 
number of resident Kupffer cells [41]. In the liver, 
Kupffer cells and monocyte-derived macrophages 
can be infected with HBV virus, causing the 
expression of pro-inflammatory cytokines and 
activating NK cells, which is beneficial for HBV 
infection [42]. In addition, Kupffer cells produce 
immune regulatory mediators such as IL-10, TGF-β, 
galactose-9, programmed death ligand 1 (pd-l1) 
and programmed death ligand 2 (pd-l2) during 
chronic HBV infection to inhibit antiviral T cell 
responses [43]. During HBV infection, HBV can 
also stimulate the function of Kupffer cells. For 
example, HBV particles and HBsAg can induce 
the generation of IL-1β, IL-6, CXCL8 and TNF 
from CD68+ non-parenchymal cells through 
activation of NF-кB, consequently inhibiting 
HBV replication in hepatocytes [44]. In contrast, 
it was also reported that HBV could also inhibit 
the function of Kupffer cells. HBV could actively 
interfere with the pro-inflammatory function of 
Kupffer cells, by means of impeding TLR 
pathway, RIG-I signal transduction and pro-
inflammatory activity of hepatocytes, to avoid 
host immunity [45]. 
 
5. Macrophage reprogramming for treatment 
of diseases  
As described above, macrophages play important 
roles in the initiation and progression of many 
diseases. Hence it is reasonable to develop 
therapeutic strategy by modulating macrophage 
polarization, namely macrophage reprogramming. 
For example, in the case of tumors, the increase in 
TAMs is associated with poor prognosis of cancer 
patients [46]. TAMs exhibit multiple phenotypes 
with multiple functions depending on the tumor 
microenvironments [47]. Among them, M1-type 
macrophages with anti-tumor properties and M2-
type macrophages with tumor promotion functions 
were the major phenotypes of TAM. M1-type 
macrophages could usually be selected from 
TAMs or reprogrammed from M2-type macrophages 
by TLR agonists, monoclonal antibodies targeting 
M1 phenotypes, and other compounds [48]. Thus, 
TLR agonists may become a promising antitumor 
therapy, which was reported to induce nuclear 
translocation of NF-кB in J774A macrophages 

4.3. Hepatocellular carcinoma 
Hepatocellular carcinoma (HCC) is most frequently 
found in patients with liver disease characterized 
by chronic inflammation [35]. Liver macrophages 
play an important role in the development of 
hepatocellular carcinoma; they provide a pro-
inflammatory carcinogenic environment and are 
involved in anti-tumor immune response [1]. 
Tumor-associated macrophages (TAMs) act as 
immunosuppressive cells to stimulate tumor growth. 
It has been known that TAMs promote tumorigenesis 
through different ways: (1) they could release 
many angiogenic factors, such as VEGF, platelet-
derived growth factor (PDGF), TGF-β and so on, 
to stimulate tumor angiogenesis; (2) They could 
also secrete signal factors, growth factors and 
matrix metalloproteinase to activate tumor-
epithelial-mesenchymal transformation, promoting 
invasion and metastasis of tumor; (3) TAM could 
promote the formation of cancer stem cells 
through generation of related cytokines and 
molecules; (4) TAMs increase T-reg cells and 
myeloid-derived suppressor cells by negative 
regulation of cytotoxic effector cells and through 
the interaction of cytokines and related enzymes 
with surface receptors [36]. All the above functions 
of TAMs provide a good microenvironment for 
tumor formation and development. A recent study 
indicated that TAM could be derived from abundant 
extracellular vesicles, showing unique proteomic 
features that enhance thrombus formation in 
cancer cells and promote T cell activation and 
proliferation [37]. On the contrary, although the 
above functions of liver macrophages are conducive 
to the occurrence and development of tumors, 
they also play a crucial role in the anti-tumor 
process. Eggert reported that hepatocytes secrete 
CCL2 after senescence, which recruits CCR2+ 
pro-inflammatory monocyte-derived macrophages 
to eliminate precancerous senescent cells, 
consequently preventing the formation of HCC [38].

4.4. HBV 
Hepatitis B virus (HBV) infection remains a 
major global health problem with more than 250 
million patients in the world [39]. A much larger 
number of Kupffer cells were observed in the 
liver of HBV patients than healthy people [40]. 
Moreover, pro-inflammatory mononuclear cells 
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followed by production of pro-inflammatory 
proteins such as TNF-α, IL-6, IL-12, and CCL2 
[49]. Another strategy is to stimulate CD40 that 
shows anti-tumor T cell response, by using 
monoclonal antibodies [50]. Macrophages express 
CD40 in the plasma membrane, and anti-CD40 
monoclonal antibodies can promote the tumor-
killing activity of macrophage by enhancing the 
generation of NO and TNF-α [48]. Use of 
chemicals such as INF-γ, is also a useful method 
to trigger the reprogramming of TAM [51]. 
Reprogrammed macrophages could release cytokines 
and chemokines including INF-γ to activate CD8+ 
T cell [52]. 
 
6. Conclusions 
Macrophages play a critical role in liver injury 
and inflammation, and their origin and polarized 
phenotypes are different in different liver disease 
status. It is known that liver macrophages mainly 
include Kupffer cells and infiltrating monocyte-
derived macrophages, which can be polarized into 
M1-type macrophages secreting proinflammatory 
cells and M2-type macrophages secreting anti-
inflammatory cells. A clear understanding of the 
function of different macrophage phenotypes 
can further elucidate the polarization status of 
macrophages in different liver diseases and their 
effects on the progression and outcome of 
diseases. Due to the central role of macrophages 
in the liver, they offer many promising options 
for the treatment of liver diseases. In addition, 
deepening the understanding of macrophage 
reprogramming can provide new ideas and 
methods for the development of treatment methods 
for some diseases such as cancer. Future studies 
are warranted for the development of new 
therapeutic strategies by modulating macrophages. 
 
CONFLICT OF INTEREST STATEMENT 
The authors declare no conflicts of interest associated 
with this manuscript. 
 
REFERENCES 
1. Krenkel, O. and Tacke, F. 2017, Nat. Rev. 

Immunol., 17, 306. 
2. Bilzer, M., Roggel, F. and Gerbes, A. L. 

2006, Liver Int., 26, 1175. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Macrophage polarization in inflammatory liver diseases                                                                            19 

32. Wan, J., Benkdane, M., Teixeira-Clerc, F., 
Bonnafous, S., Louvet, A., Lafdil, F., 
Pecker, F., Tran, A., Gual, P., Mallat, A., 
Lotersztajn, S. and Pavoine, C. 2014, 
Hepatology, 59, 130. 

33. Ju, C. and Mandrekar, P. 2015, Alcohol 
Res., 37, 251. 

34. Suraweera, D. B., Weeratunga, A. N., Hu, 
R. W., Pandol, S. J. and Hu, R. 2015, World 
J. Gastrointest. Pathophysiol., 6, 90. 

35. Wan, S., Zhao, E., Kryczek, I., Vatan, L., 
Sadovskaya, A., Ludema, G., Simeone, D. 
M., Zou, W. and Welling, T. H. 2014, 
Gastroenterology, 147, 1393. 

36. Petty, A. J. and Yang, Y. 2017, 
Immunotherapy, 9, 289. 

37. Cianciaruso, C., Beltraminelli, T., Duval, F., 
Nassiri, S., Hamelin, R., Mozes, A., Gallart-
Ayala, H., Ceada Torres, G., Torchia, B., 
Ries, C. H., Ivanisevic, J. and De Palma, M. 
2019, Cell Rep., 27, 3062. 

38. Eggert, T., Wolter, K., Ji, J., Ma, C., Yevsa, 
T., Klotz, S., Medina-Echeverz, J., Longerich, 
T., Forgues, M., Reisinger, F., Heikenwalder, 
M., Wang, X. W., Zender, L. and Greten, T. 
F. 2016, Cancer Cell, 30, 533. 

39. World Health Organization. 2017, Global 
Hepatitis Report 2017. 

40. Khakoo, S. I., Soni, P. N., Savage, K., 
Brown, D., Dhillon, A. P., Poulter, L. W. 
and Dusheiko, G. M. 1997, Am. J. Pathol., 
150, 963. 

41. Movita, D., van de Garde, M. D., Biesta, P., 
Kreefft, K., Haagmans, B., Zuniga, E., 
Herschke, F., De Jonghe, S., Janssen, H. L., 
Gama, L., Boonstra, A. and Vanwolleghem, 
T. 2015, J. Virol., 89, 4809. 

42. Boltjes, A., van Montfoort, N., Biesta, P. J., 
Op den Brouw, M. L., Kwekkeboom, J., van 
der Laan, L. J., Janssen, H. L., Boonstra, A. 
and Woltman, A. M. 2015, J. Infect. Dis., 
211, 1268. 

43. Ju, C. and Tacke, F. 2016, Cell Mol. 
Immunol., 13, 316. 

44. Hösel, M., Quasdorff, M., Wiegmann, K., 
Webb, D., Zedler, U., Broxtermann, M., 
Tedjokusumo, R., Esser, K., Arzberger, S., 
Kirschning, C. J., Langenkamp, A., Falk, C., 
Büning, H., Rose-John, S. and Protzer, U. 
2009, Hepatology, 50, 1773. 

Martinez, F. O., Mege, J. L., Mosser, D. M., 
Natoli, G., Saeij, J. P., Schultze, J. L., 
Shirey, K. A., Sica, A., Suttles, J., Udalova, 
I., van Ginderachter, J. A., Vogel, S. N. and 
Wynn, T. A. 2014, Immunity, 41, 14-20. 

17. Martinez, F. O. and Gordon, S. 2014, 
F1000Prime Rep., 6, 13. 

18. Mills, C. D., Kincaid, K., Alt, J. M., 
Heilman, M. J. and Hill, A. M. 2000, J. 
Immunol., 164, 6166. 

19. Joshi, S., Singh, A. R., Zulcic, M., Bao, L., 
Messer, K., Ideker, T., Dutkowski, J. and 
Durden, D. L. 2014, PLoS One, 9, e95893. 

20. Mantovani, A., Sica, A., Sozzani, S., 
Allavena, P., Vecchi, A. and Locati, M. 
2004, Trends Immunol., 25, 677. 

21. Chang, Z. L. 2009, Biol. Cell, 101, 709. 
22. Heymann, F., Peusquens, J., Ludwig-

Portugall, I., Kohlhepp, M., Ergen, C., 
Niemietz, P., Martin, C., van Rooijen, N., 
Ochando, J. C., Randolph, G. J., Luedde, T., 
Ginhoux, F., Kurts, C., Trautwein, C. and 
Tacke, F. 2015, Hepatology, 62, 279. 

23. Chiew, A. L., Gluud, C., Brok, J. and 
Buckley, N. A. 2018, Cochrane. Database 
Syst. Rev., 2, CD003328. 

24. Larson, A. M. 2007, Clin. Liver Dis., 11, 525. 
25. Moles, A., Torres, S., Baulies, A., Garcia-

Ruiz, C. and Fernandez-Checa, J. C. 2018, 
Front Pharmacol., 9, 453. 

26. Ni, H. M., Bockus, A., Boggess, N., 
Jaeschke, H. and Ding, W. X. 2012, 
Hepatology, 55, 222. 

27. Triantafyllou, E., Woollard, K. J., McPhail, 
M. J. W., Antoniades, C. G. and Possamai, 
L. A. 2018, Front. Immunol., 9, 2948. 

28. Vernon, G. and Baranova, A. 2011, Aliment. 
Pharmacol. Ther., 34, 274. 

29. Tosello-Trampont, A. C., Landes, S. G., 
Nguyen, V., Novobrantseva, T. and Hahn, 
Y. S. 2012, J. Biol. Chem., 287, 40161. 

30. Stienstra, R., Saudale, F., Duval, C., 
Keshtkar, S., Groener, J. E., van Rooijen, 
N., Staels, B., Kersten, S. and Müller, M. 
2010, Hepatology, 51, 511. 

31. Kazankov, K., Jørgensen, S. M. D., 
Thomsen, K. L., Møller, H. J., Vilstrup, H., 
George, J., Schuppan, D. and Grønbæk, H. 
2019, Nat. Rev. Gastroenterol. Hepatol., 16, 
145. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

20 Bingdong Song et al.

50. Zippelius, A., Schreiner, J., Herzig, P. and 
Müller, P. 2015, Cancer Immunol. Res., 3, 
236. 

51. Dunn, G. P., Koebel, C. M. and Schreiber, 
R. D. 2006, Nat. Rev. Immunol., 6, 836. 

52. Jassar, A. S., Suzuki, E., Kapoor, V., Sun, J., 
Silverberg, M. B., Cheung, L., Burdick, M. 
D., Strieter, R. M., Ching, L. M., Kaiser, L. 
R. and Albelda, S. M. 2005, Cancer Res., 
65, 11752. 

 

45. Boltjes, A., Movita, D., Boonstra, A. and 
Woltman, A. M. 2014, J. Hepatol., 61, 660. 

46. Lewis, C. E. and Pollard, J. W. 2006, Cancer 
Res., 66, 605. 

47. Pollard, J. W. 2004, Nat. Rev. Cancer, 4, 71. 
48. Genard, G., Lucas, S. and Michiels, C. 2017, 

Front. Immunol., 8, 828. 
49. De Meyer, I., Martinet, W., Schrijvers, D. M., 

Timmermans, J. P., Bult, H. and De Meyer, 
G. R. 2012, Basic Res. Cardiol., 107, 269. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


